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PREFACE 
T h i s  c o l l e c t i o n  o f  p a p e r s  i s  w r i t t e n  by t h e  p a r t i c i p a n t s  
i n  a workshop h e l d  a t  IIASA. I t  i s  t h u s  n o t  o n l y  a c o l l a b o r a t i v e  
p a p e r  b u t  a l s o  a  c o n f e r e n c e  p r o c e e d i n g s  i n  t h e  t r u e  s e n s e  o f  
t h e  word.  I t  t h u s  d i f f e r s  f rom many c o n f e r e n c e  p r o c e e d i n g s  which  
p r e s e n t  a c o l l e c t i o n  of p a p e r s  t a b l e d  a t  a c o n f e r e n c e  b u t  which 
d o  n o t  s e r i o u s l y  d e s c r i b e  what  happened a t  t h e  c o n f e r e n c e .  I t  
i s  n o t  t h e r e f o r e  a c o l l e c t i o n  o f  r e p o r t i n g  o f  i n d i v i d u a l  r e s e a r c h ;  
it i s  a  p r e - r e s e a r c h  s t u d y  l e a d i n g  t o  i n d i v i d u a l  r e s e a r c h  and  t o  
o t h e r  c o l l a b o r a t i v e  work. N e v e r t h e l e s s ,  a l t h o u g h  t h e r e  i s  l i t t l e  
h e r e  t h a t  i s  "new", w e  fee l  t h a t  t h e  i m p o r t a n c e  o f  t h e  s u b j e c t  
i s  s u c h  t h a t  t h e  f i n d i n g s  of t h e  workshop s h o u l d  b e  made a v a i l -  
a b l e  t o  a w i d e r  a u d i e n c e .  One r e a s o n  f o r  t h i s  i s  t o  e n c o u r a g e  
w i d e r  c o l l a b o r a t i o n  be tween  IIASA and r e s e a r c h  teams working  i n  
t h i s  s u b j e c t  e l s e w h e r e .  The r e s e a r c h  a l r e a d y  p l a n n e d  e n v i s a g e s  
c o l l a b o r a t i o n  w i t h  r e s e a r c h  teams i n  t h e  U.S.A., U . K . ,  J a p a n ,  
C z e c h o s l o v a k i a ,  Hungary a n d  t h e  U.S.S.R. C o l l a b o r a t i o n  w i t h  
o t h e r  teams a c t i v e l y  engaged  o n  s t u d i e s  o f  t h e  i m p a c t  o f  s m a l l  
s c a l e  compu te r  o n  management and  o r g a n i z a t i o n  would b e  welcomed. 
R o l f e  Toml inson  
Area  Leader 
Management a n d  Technology  
This  paper was o r i g i n a l l y  prepared under t h e  t i t l e  "Modelling 
f o r  Management" f o r  p r e s e n t a t i o n  a t  a  Nate r  Research Cent re  
(U.K. ) Conference on "River  P o l l u t i o n  Con t ro l " ,  Oxford, 
9 - 1 1  A s r i l ,  1979. 
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INTRODUCTION 
R .  Tomlinson 
Rackground 
NO one  q u e s t i o n s  t h e  f a c t  t h a t  compute r s  have  a l r e a d y  made 
a g r e a t  d i f f e r e n c e  t o  o u r  p e r s o n a l  and  o r g a n i z a t i o n a l  l i v e s .  
Bu t  i n  most  c a s e s  t h e  i m p a c t ,  however s e r i o u s  it may be, i s  
i n d i r e c t .  Because  o f  compute r s  w e  c a n  book a i r l i n e  t i c k e t s  a t  
a l m o s t  any  p l a c e  a t  a l m o s t  any  t i m e .  Because  of  c o m p u t e r s ,  w e  
f i n d  t h a t  s m a l l  f a u l t s  i n  b u r e a u c r a t i c  s y s t e m s  c a n n o t  be rect i-  
f i e d  b e c a u s e  " i t  i s  a l l  done  by compute r " .  Because  o f  compute r s  
some p e o p l e  have  new j o b s  and  some p e o p l e  now have  none .  I n  
none o f  t h e s e  c a s e s ,  however,  d o e s  t h e  i n d i v i d u a l  c o n c e r n e d  
have  a p e r s o n a l  c o n t a c t  w i t h  t h e  computer .  O f t e n  it i s  o n l y  
b e c a u s e  h e  h a s  t o  f i l l  i n  a form i n  a d i f f e r e n t  way t h a t  h e  is 
aware  t h a t  t h e  computer  i s  i n v o l v e d  a t  a l l .  I f  one  l o o k s  a t  
what  happens  i n  o f f i c e s  and o r g a n i z a t i o n s  one  h a s  t h e  same 
f e e l i n g .  Al though t h e  computer  p r o v i d e s  a n  overwehlming ,  even  
menacing p r e s e n c e  i n  t h e  background,  few o f  t h o s e  engaged  i n  
c l e r i c a l  work have d i r e c t  c o n t a c t  w i t h  it. Most managers  n e v e r  
see it. They a r e  aware  t h a t  t h e r e  may b e  a d v a n t a g e s  t o  t h e  
o r g a n i z a t i o n  a s  a whole ,  b u t  t h e  immedia te  e f f e c t  on t h e m s e l v e s  
i s  l a r g e l y  o n e  o f  c o n v e n i e n c e .  T h e i r  working  p a t t e r n  i s  
u n a l t e r e d ,  and  t h e  o r g a n i z a t i o n  i n  which  t h e y  work r e t a i n s  t h e  
same b a s i c  s t r u c t u r e  a s  b e f o r e .  
I t  i s  l i k e l y  t h a t  t h i s  w i l l  change  i n  t h e  n e x t  d e c a d e .  
Min i -o r  mic rocompute r s  h a v e  a l r e a d y  had a m a j o r  e f f e c t  on 
p r o c e s s  c o n t r o l ,  on equ ipmen t  d e s i g n ,  on o f f i c e  r o u t i n e s  and 
p r o c e d u r e s .  W e  a r e  j u s t  b e g i n n i n g  t o  see t h e  f i r s t  g l i rnmer ings  
o f  what it w i l l  do t o  manage r s '  a c t u a l  t a s k s ,  t o  t h e  way t h e y  
a p p r o a c h  t h e i r  p rob lems ,  t o  t h e  way t h e y  a r e  o r g a n i z e d .  I t  seems 
i n e v i t a b l e  t h a t  t h e  c h a n g e s  w i l l  u l t i m a t e l y  be v e r y  g r e a t .  The 
low c o s t  o f  s m a l l  s c a l e  c o m p u t e r s ,  i n  p a r t i c u l a r  t h e  low c o s t  
o f  s t o r a g e ,  w i l l  mean t h a t  t h e  main b a r r i e r  t o  t h e i r  w i d e s p r e a d  
use will be the conservatism of the people concerned and in 
restrictive administrative practices. One of the most important 
new developments will be the use of small scale computer systems 
as an "on-line" aid to thinking and planning. An illustration 
of what may be in store can be seen from a typical experience in 
introducing simple budget models on to interactive terminals. 
In one such case these models were introduced as a means of 
carrying out quick checks on the historical-financial position. 
However, the managers concerned quickly saw that if they turned 
the model around, using forecasts rather than historical data, 
they had a planning tool which was ideally suited to the explora- 
tion of the consequences of possible alternative actions. In the 
past the time limitations imposed on planners were such that 
they had little time for exploring alternatives. They had had 
to guess a convenient plan, quickly undertake the necessary 
financial calculations, and then check that it gave satisfactory 
answers. If the plan had to be changed at short notice there 
was no chance to explore alternatives. Suddenly, by the use of 
terminals the whole pattern of planning altered almost overnight. 
Planning became analytical rather than guess-work; last minute 
changes to plans were handled with precision, rather than through 
the introduction of ad hoc adjustments whose consequences could 
never properly be evaluated. Just how far may we expect such 
changes to go in the future? 
The change on managers--in their thinking and in the way 
in which they do their work--may be the most critical effect of 
the mini-micro computer revolution, but the consequences will 
be much more widespread than just on the individual. There are 
major potential consequences on organization, on training, on 
employment itself. These consequence will feed back to the 
technological problems, for example, in connection with network 
design and on software. In the long run the whole management 
information and control structure will be transformed, possibly 
in a way that makes the present body of knowledge irrelevant. 
These are systems problems arising out of the impact of 
technology, and are thus particularly relevant to the Management 
and Technology Area of IIASA. It is a field whose exploration 
needs the involvement of specialists from many fields of activity, 
whereas most studies in this area have largely been unidiscipli- 
nary. When therefore the Management and Technology Area was 
developing a new program at the beginning of 1 9 7 8  it was agreed 
that this was a topic that was ripe for a "pre-research" study. 
Preliminary discussion showed however that few, if any, indivi- 
duals were competent to prepare an adequate review of a subject 
which required information from so many separate specialities. 
It was accordingly decided to organize a workshop with invited 
participants from many countries and many disciplines. These 
papers present the results of that workshop which was held at 
IIASA from 26-28  September, 1 9 7 8 .  
Outline of the Workshop 
Nine countries and two international agencies were repre- 
sented as can be seen from the list of participants attached at 
t h e  end o f  t h e  document.  I n d i v i d u a l  s p e c i a l i s t  i n t e r e s t s  r anged  
from s o c i o l o g y  and  economics  t o  ha rdware  deve lopmen t ,  and  t h e  
i n t e r a c t i o n  t h a t  a r o s e  b e c a u s e  of  t h e i r  d i v e r s e  knowledge of  
computer  a p p l i c a t i o n  proved  t o  b e  o n e  o f  t h e  most  e x c i t i n g  
f e a t u r e s  o f  t h e  workshop.  A s  a p r e p a r a t i o n  f o r  t h e  c o n f e r e n c e  
D r .  T i b o r  Vasko had p r e p a r e d  a n  i n t r o d u c t o r y  p a p e r  which was 
used  a s  t h e  b a s i s  f o r  t h e  i n i t i a l  d i s c u s s i o n  and  t h e r e a f t e r  t h e  
m e e t i n g  b r o k e  up i n t o  f o u r  g r o u p s ,  e a c h  o f  which w e r e  conce rned  
w i t h  a  s e p a r a t e  a s p e c t  o f  t h e  s u b j e c t .  On t h e  second  day  each  
g r o u p  made a  p r e l i m i n a r y  p r e s e n t a t i o n  o f  i t s  i d e a s  t o  t h e  rest  
o f  t h e  team a n d ,  f o l l o w i n g  t h e  comments r e c e i v e d ,  p r e p a r e d  a  
w r i t t e n  s t a t e m e n t .  Some o f  t h e s e  s t a t e m e n t s  have  s i n c e  been 
r e v i s e d  f u r t h e r  a s  a  r e s u l t  of a d d i t i o n a l  work on  t h e  p a r t  o f  
o n e  o r  more p a r t i c i p a n t s  i n  t h e  g roup .  
The f i r s t  g r o u p  was conce rned  w i t h  t e c h n o l o g i c a l  deve lop -  
m e n t s .  They w e r e  p r e s e n t e d  w i t h  two main q u e s t i o n s  t o  c o n s i d e r ,  
namely: ( 1 )  what  a r e  t h e  main t e c h n o l o g i c a l  deve lopmen t s  t h a t  
w i l l  a p p e a r  o v e r  t h e  n e x t  f i v e  t o  t e n  y e a r s  a s  s e e n  by t h e  u s e r ,  
and  a r e  t h e y  c a u s e d  by economic p r e s s u r e s  o r  by t h e  p r e s s u r e s  
o f  i n t e r n a l  c o n v e n i e n c e ;  ( 2 )  what  i s  t h e  l i k e l y  r a t e  o f  d i f f u s i o n  
f o r  such  deve lopmen t s  and  what  a r e  t h e  main f a c t o r s  a f f e c t i n g  
t h e i r  p r o g r e s s .  I n  c o n n e c t i o n  w i t h  t h i s  t h e  g r o u p  was a s k e d  t o  
c o n s i d e r  w h e t h e r  t h e  t o p i c  was a l r e a d y  a d e q u a t e l y  c o v e r e d  by 
r e s e a r c h  and  i f  s o  what  w e r e  t h e  key  r e f e r e n c e s .  They w e r e  
a l s o  a s k e d  t o  t h i n k  a b o u t  any  n o t a b l e  g a p s  and t h e  way i n  which 
t h e y  m i g h t  b e  f i l l e d  t h r o u g h  IIASA c o o r d i n a t e d  r e s e a r c h .  The 
f i n d i n g s  o f  t h i s  g r o u p  h a v e  been  a b s o r b e d  i n t o  t h e  o r i g i n a l  
Vasko p a p e r  and  t h i s  r e v i s e d  d r a f t  f o l l o w s  t h i s  i n t r o d u c t i o n .  
The second g r o u p  was conce rned  w i t h  management t a s k s .  I t  
was a l s o  p r o v i d e d  w i t h  t w o  main i s s u e s  t o  c o n s i d e r ,  namely: 
( 1 )  i n  what  way w i l l  m a n a g e r i a l  work b e  m o d i f i e d  by modern 
computer  deve lopmen t ;  ( 2 )  what  i s  t h e  l i k e l y  r a t e  of d i f f u s i o n  
o f  t h e s e  c h a n g e s  and what  a r e  t h e  main f a c t o r s  i n f l u e n c i n g  t h e  
more r a p i d  s p r e a d  o f  t h e s e  new i d e a s .  The f i n d i n g s  o f  t h i s  
g r o u p  have  s u b s e q u e n t l y  been  commented on and r e v i s e d  by t h e  
team members and  a r e  se t  o u t  i n  s e c t i o n  3 o f  t h i s  volume. 
However it was a l s o  f e l t  t h a t  t h e r e  was a  need  f o r  a  more 
tho roughgo ing  r e s e a r c h  p a p e r  and it was a r r a n g e d  t h a t  t h e  
a u t h o r s  s h o u l d  m e e t  a g a i n  a t  IIASA t o  p r e p a r e  t h i s .  
The t h i r d  g r o u p  was p r i m a r i l y  c o n c e r n e d  w i t h  t h e  impac t  of  
s m a l l  computer  t e c h n o l o g y  on o r g a n i z a t i o n .  T h i s  p roved  much t h e  
most d i f f i c u l t  s u b j e c t  t o  t r e a t  a s  a  m a t t e r  o f  s u b s t a n c e .  Organ- 
i z a t i o n a l  p rob lems  a r e  d i f f e r e n t  f rom o n e  c o u n t r y  t o  a n o t h e r  and  
depend t o  some e x t e n t  on t h e  s o p h i s t i c a t i o n  o f  t h e  e x i s t i n g  
o r g a n i z a t i o n .  ( T h i s  i s  t h e r e f o r e  a  p o t e n t i a l l y  i m p o r t a n t  and  
f r u i t f u l  a r e a  f o r  r e s e a r c h . )  The r e p o r t  of  t h i s  g r o u p ,  set o u t  
i n  s e c t i o n  4 ,  i s  p e r h a p s  d e c e p t i v e l y  t h e  s h o r t e s t  o f  t h e  r e p o r t s .  
The f i n a l  g r o u p  c o n s i d e r e d  t h e  s o c i a l  i m p a c t s  o f  s m a l l  
computer  s y s t e m s .  T h i s  a l s o  proved  a  d i f f i c u l t  a r e a  t o  summarize 
s i n c e  a l t h o u g h  a l l  c o u n t r i e s  w e r e  c o n c e r n e d  w i t h  s o c i a l  impac t  
t h e y  f e l t  t h a t  t h e y  had e s s e n t i a l l y  different g r o u n d s  f o r  c o n c e r n .  
B a s i c a l l y  t h e  Western  c o u n t r i e s  w e r e  c o n c e r n e d  w i t h  j o b  s h o r t a g e ,  
t h e  S o c i a l i s t  countries w i t h  p e r s o n n e l  s h o r t a g e .  A g e n e r a l  
r e v i e w  o f  t h e i r  c o n c l u s i o n s  h a s  been  p r e p a r e d  by E r n e s t  Braun 
and  i s  p u b l i s h e d  a s  s e c t i o n  5 o f  t h i s  volume.  I t  i s  hoped t o o ,  
t h a t  t h i s  exchange  o f  i ' n fo rma t ion  and  i d e a s  w i l l  l e a d  t o  f u r t h e r  
b a s i c  r e s e a r c h  p a 2 e r s .  
A l l  t h e  g r o u p s  were a s k e d  t o  c o n s i d e r  t h e  q u e s t i o n  o f  a  
f u t u r e  r e s e a r c h  program a n d  t h e  need f o r  f u r t h e r  and  p o s s i b l y  
more w i d e l y  b a s e d  c o n f e r e n c e s  on  t h e  s u b j e c t .  I t  was g e n e r a l l y  
a g r e e d  t h a t  t h e  t i m e  had come f o r  work r a t h e r  t h a n  t a l k ,  and  
t h e r e  was l i t t l e  encouragemen t  f o r  t h e  p r e p a r a t i o n  o f  f u r t h e r  
c o n f e r e n c e s  a t  t h e  p r e s e n t  s t a g e .  These  p r o p o s a l s  w e r e  a n a l y z e d  
and  r e c o n s t i t u t e d  by   or an F i c k  who h a s  s i n c e  j o i n e d  t h e  s t a f f  
a t  IIASA t o  c o o r d i n a t e  o u r  r e s e a r c h .  H i s  r e v i e w  o f  t h e  program 
is s e t  o u t  a s  t h e  f i n a l  s e c t i o n  of  t h i s  p a p e r .  The f i r s t  t a b l e  
l i s t s  a l l  t h e  m a j o r  p r o p o s a l s  f o r  r e s e a r c h  o r  f o r  c o n f e r e n c e s  
t h a t  w e r e  made a n d  t h e  f i n a l  d i a g r a m  sets o u t  t h e  p r o p o s e d  
r e s e a r c h  p l a n .  
C o n c l u s i o n  
T h e r e  a r e  few more e x c i t i n g  moments t h a n  when a  g r o u p  o f  
r e sea rch -minded  s c i e n t i s t s  m e e t i n g  f o r  t h e  f i r s t  t i m e  s u d d e n l y  
t a k e  f i r e  f rom t h e  i d e a s  p r e s e n t e d  by  t h e i r  c o l l e a g u e s .  T h e s e  
p a p e r s  r e p r e s e n t  t h e  g low t h a t  i s  t h e  a f t e r m a t h  o f  t h a t  i n i t i a l  
c o n f l a g r a t i o n .  I t  i s  o u r  t a s k  a t  IIASA, t o g e t h e r  w i t h  c o l l a b o -  
r a t o r s  f rom i n d u s t r y  a n d  f rom r e s e a r c h  i n s t i t u t e s  t h r o u g h o u t  t h e  
w o r l d ,  t o  f u e l  t h e  f i r e  w i t h  r e s o u r c e s  and  f a n  it i n t o  f l a m e  
w i t h  t h e  wind o f  encouragemen t .  W e  are c o n s i d e r i n g  o n e  o f  t h e  
m a j o r  p r o b l e m s  t h a t  s o c i e t y  mus t  f a c e  i n  t h e  n e x t  y e a r s .  W e  
c a n n o t  n e g l e c t  it. 
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The International Institute for Applied Systems Analysis 
is studying important technological developments and their 
impact on society as a whole or on parts of it. 
The revolution in the technology of semiconductor devices 
in recent decades has caused a spectacular development in 
computer systems. In the past few years it was the mini and 
micro systems which seemed to emerge as the fastest growing 
computing arsenal for institutions, organizations and even 
individual persons. 
With the thought that this development might be of interest 
to several of IIASA's national member organizations, the Manage- 
ment and Technology Area is undertaking a study of managerial 
and organizational consequences of mini and micro systems. 
Some Relevant Facts of Mini and Micro Computer Development 
One has to start with semantics. Here we are faced with 
two complications: 
-- First, the boundaries between mini and micro and 
between mini and "midi" are not fixed but are moving 
fast with technological development when measured or 
fixed by performance. In the past six to seven years 
the performance/price index was improved by an order 
of magnitude. If we take into account the present 
trends of increasing computer power and decreasing 
cost, the future generations of minis will be comparable 
to some of today's maxis in capacity and performance. 
-- Second,  i n  s p i t e  o f  t h e  r e l a t i v e l y  s h o r t  l i f e - s p a n  
o f  t h i s  t e c h n o l o g y ,  t h e r e  i s  a  wide spec t rum o f  m i n i  
and  m i c r o  compute r s  w i t h o u t  any a c c e p t e d  s c a l e  w i t h i n  
t h e  spec t rum.  T h e r e f o r e  t h e  a b b r e v i a t i o n  min i /mic ro  
( ~ I / M )  h a s  been  found r e a s o n a b l e .  
G e n e r a l l y  s p e a k i n g  one c a n  q u e s t i o n  t h e  v a l i d i t y  o f  t h e  
terms m i n i  and m i c r o  computer .  I t  is d i f f i c u l t  t o  f i n d  f e a t u r e s  
which a r e  m i n i  o r  m i c r o  e x c e p t ,  p e r h a p s ,  f o r  t h e  p r i c e .  
Here a r e  two o f  t h e  d e f i n i t i o n s  of  a  m i n i  computer  which 
a r e  p e r h a p s  most  a p a r t :  
-- The m i n i  compute r ,  w i t h  few e x c e p t i o n s ,  h a s  
been  n o t h i n g  more t h a n  a  sys t em component ... 
(Cay Weitzman) [ I ] ;  
-- The m i n i  computer--a u n i v e r s a l  compute r ,  wh ich ,  
s i m i l a r  t o  a  b i g  compute r ,  c a n  p e r f o r m  o p e r a t i o n s  
o f  comput ing ,  a n a l y s i s  and p r o c e s s i n g  o f  d a t a ,  
d a t a  c o l l e c t i o n s ,  c o n t r o l ,  e t c .  (A.V.  Kutzenko,  
B.A.  P o l o s j a n c ,  Ju.V. S t u p i n )  [2 ]  . 
T h e r e  are  many d i f f e r e n t  d e f i n i t i o n s  b u t  the d i f f e r e n c e  may b e  
more a p p a r e n t  t h a n  r e a l .  
F4ini compute r s  emerged i n  t h e  l a t e  f i f t i e s  and  w e r e  a p p l i e d  
t o  many d i f f e r e n t  a r e a s .  S i n c e  t h e n  t h e y  e x p e r i e n c e d  a n  e x p l o -  
s i v e  growth .  The est imates w e r e  'k300-450 m i l l i o n  i n  1972,  
$800-1,400 m i l l i o n  i n  1975 and $1 .8  b i l l i o n  i n  1977 ( D a t a p r o  
R e s e a r c h  C o r p o r a t i o n ) .  These  f i q u r e s  i n c l u d e  t h e  r a p i d  d e c r e a s e  
i n  t h e  c o s t  o f  c e n t r a l  p r o c e s s o r s .  T h i s  f a s t  g rowth  even  c a u s e d  
c o n c e r n  and s p e c u l a t i o n s  t h a t  t h i s  growth  c a n  b e  s e l f - d e s t r u c t i v e  
[ 3 ] .  Some o t h e r s  a r g u e  t h a t  s u c c e s s  o f  m i n i  computer  a p p l i c a t i o n s  
h a s  n e v e r  been  c o m p r e h e n s i v e l y  s u r v e y e d  [ 4 ] .  
Micro  compute r s  w e r e  c r e a t e d  by t h e  p r o g r e s s  o f  a s e m i -  
c o n d u c t o r  t e c h n o l o g y  which  i n  t h e  e a r l y  s e v e n t i e s  l e d  t o  t h e  
p o s s i b i l i t y  o f  m a n u f a c t u r i n g  t h e  whole p r o c e s s o r  f u n c t i o n  o n  a  
s i n g l e  c h i p  o f  s i l i c o n .  T h i s  was t h e  f i r s t  m i c r o - p r o c e s s o r .  
S i n c e  t h e n  t h i s  t e c h n o l o g y  h a s  m a n i f e s t e d  a s p e c t a c u l a r  d e v e l o p -  
ment ,  b r i n g i n g  a new g e n e r a t i o n  o f  m i c r o - p r o c e s s o r s  e v e r y  two 
y e a r s .  T h i s  p o l i c y  seems t o  b e  s e c u r e d  f o r  s e v e r a l  y e a r s  t o  
come, b u t  t h e r e  a r e  c e r t a i n l y  l i m i t s  t o  t h e  p r e s e n t  t e c h n o l o g y .  
I t  i s  n o t  e a s y  t o  p r e d i c t  t h e  p o s s i b l e  deve lopment  t o o  f a r  
beyond t h e  l i m i t s  of  e x i s t i n g  t e c h n o l o g y .  
Speak ing  o f  t h e  economy of  u s i n g  M/M compute r s ,  it i s  t h e  
d e c r e a s e d  p r i c e  o f  c o m p u t a t i o n ,  n o t  o f  c o m p u t e r s ,  t h a t  matters .  
M/M compute r s  d e c r e a s e  t h e  t o t a l  c o s t  o f  s o l v i n g  a c o m p u t a t i o n a l  
problem,  s o  t h a t  t h e  c o s t  o f  ha rdware  r e p r e s e n t s  o n l y  a  s m a l l  
(and  d e c r e a s i n g )  f r a c t i o n  o f  it. P r i n c i p a l l y  t h e  M/M compute r s  
c a n n o t  s o l v e  any problem t h e  b i g g e r  computer  c a n n o t ,  b u t  c a n  
d e l i v e r  t h e  s o l u t i o n  more c h e a p l y ,  t h u s  making t h e  power o f  t h e  
computer  more e a s i l y  a v a i l a b l e .  A c a s e  i n  p o i n t  is t h e  p e r s o n a l  
a n d / o r  home computer .  The i m p o r t a n c e  o f  t h i s  t y p e  o f  computer  
can  b e  d e r i v e d  from t h e  f a c t  t h a t  a l l  major  s u p p l i e r s  of  b i g  
computers  have s t a r t e d  t h e  p r o d u c t i o n  o f  m i n i  computers .  Some 
even made agreements  w i t h  t h e  m a n u f a c t u r e r s  of m i c r o - p r o c e s s o r s  
and LSI components ( f o r  example IBM and INTEL). 
M/M computer sys tems  a r e  becoming more and more c o m p l i c a t e d ,  
b u t  t h e i r  low p r i c e  h a s  enab led  c o n s t r u c t i o n  of more complex 
sys tems where one  o r  more M/M computers  r e p r e s e n t  b u i l d i n g  b l o c k s  
o f  t h e  sys tem,  each  micro-processor  hav ing  d e d i c a t e d  f u n c t i o n s .  
T h i s  new f e a t u r e  h a s  been s t r o n g l y  pronounced i n  r e c e n t  y e a r s .  
When M/M computers  a r e  connected  th rough  a p p r o p r i a t e  cir -  
c u i t r y  t o  r e a l  p r o c e s s e s ,  t h e y  can  m o n i t o r ,  measure and c o n t r o l  
v a r i o u s  p a r a m e t e r s  of t h e  p r o c e s s  and,  because  of  t h e i r  s m a l l  
p h y s i c a l  s i z e  and power consumption,  t h e y  c a n  be  i n t e g r a t e d  i n t o  
t h e  c o n t r o l  equipment .  
T h i s  i s  p a r t i c u l a r l y  t r u e  o f  mic ro  computers .  I t  i s  
e s t i m a t e d  [5]  t h a t  i n  similar a p p l i c a t i o n s  micro  computers  a r e  
s u b s t i t u t i n g  f o r :  
-- s e q u e n t i a l  l o g i c  c o n t r o l  c i r c u i t s  i n  56% of  a l l  
a p p l i c a t i o n s ;  
-- mini  computers  i n  12% of  a p p l i c a t i o n s .  
N e w  a p p l i c a t i o n s  made p o s s i b l e  by b e t t e r  pe r fo rmance /cos t  
r a t i o  c o u n t  f o r  32% o f  a l l  a p p l i c a t i o n s .  T h i s  d i s t r i b u t i o n  o f  
a p p l i c a t i o n s  i s  n o t  un ique  and i s  changing i n  t i m e .  Some 
f i g u r e s  a r e  g i v e n  f o r  example i n  E l e c t r o n i c s  I n d u s t r y  [ 6 ] .  
T h i s  i s  t h e  t e c h n o l o g i c a l  b a s e  of  wide a p p l i c a t i o n s  of M/PI 
computers  i n  manufac tu r ing  i n d u s t r i e s  ( N C ,  CNC machines ,  t e x t i l e  
machines ,  e t c . ) ,  l a b o r a t o r y  and medica l  equipment and a l s o  i n  
mass produced consumer equipment  such a s  p e r s o n a l  c a r s ,  washing 
machines ,  e lec t r i c  ovens ,  TV sets ,  e tc .  
T h i s  f e a t u r e  a l s o  h a s  had i t s  impact  on computer sys tems .  
The u s e  o f  M/M computers  i n  computer t e r m i n a l s  c r e a t e d  t h e  so- 
c a l l e d  " i n t e l l i g e n t "  t e r m i n a l s  w i t h  g r e a t e r  f l e x i b i l i t y  and a l s o  
some p r o c e s s i n g  c a p a b i l i t y .  They r e p r e s e n t  a  p r e v a i l i n g  i n s t r u -  
ment f o r  man-computer i n t e r a c t i o n .  
The low p r i c e  o f  M/M sys tems l e d  t o  t h e  d e s i g n  of  problem- 
o r i e n t e d  o r  f u n c t i o n a l l y  s p e c i a l i z e d  sys tems .  The i n t e r c o n n e c t i o n  
o f  such  sys tems r e s u l t s  i n  many a r c h i t e c t u r a l l y  i n t e r e s t i n g  
sys tems which p e r m i t  t h e  c o n s t r u c t i o n  of  s t i l l  more power fu l  and 
c o s t - e f f e c t i v e  sys tems .  
Even i f ,  from a n  a r c h i t e c t u r a l  p o i n t  o f  v iew,  w e  c o n s t r u c t  
a  computer network by t h e  i n t e r c o n n e c t i o n  of computers ,  i n t e l -  
l i g e n t  t e r m i n a l s  and o t h e r  equipment ,  it i s  s t i l l  t h e  a p p r o p r i a t e  
s o f t w a r e  which w i l l  make it f u n c t i o n  a s  a  r e a l  network.  The 
impor tance  o f  t h i s  d e s i g n  p r i n c i p l e  i s  i n  t h e  f a c t  t h a t  it seems 
t o  l i m i t  t h e  v a l i d i t y  o f  G r o s c h ' s  Law ( 1 9 5 3 ) ,  which s t a t e s  t h a t  
t h e  power of  a  computer  sys tem i n c r e a s e s  r e l a t i v e  t o  t h e  s q u a r e  
o f  i t s  c o s t .  G r o s c h ' s  Law i s  based on t h e  economy of s c a l e  which 
h o l d s  t o  some e x t e n t  f o r  t h e  CPU and t h e  memory. The advan tage  
o f  mainframe u n i v e r s a l i t y  h a s  a  drawback i n  th.e i n c r e a s i n g  
complexity and overhead in securing the high use of CPU and 
memory time. With the advent of cheap M/M systems it is the 
economy of problem orientation (perhaps specialization) of 
M/M computers which counteract Grosch's Law. 
The "genetics" of M/M computers can be traced down to the 
very root of new developments; it is the component innovation. 
Therefore it has an influence on all the subsequent stages of 
computer development and use. This may be the reason why the 
recent spectacular development of PI/M computers in some way 
"reinvents" the past development of computer technology. It is 
true that by the invention of the transistor a universal device 
was created which was used for many purposes (to amplify, 
control, process information, etc.). On a different level of 
complexity, micro-processors represent a similar universal 
device [ 7 ] .  Development of the programming of micro computers 
in some ways followed the development of mainframe programing 
which started about 25 years ago, e.g., machine language 
programming, assemblers, higher language programming. 
There is, however, another event not found in previous 
computer development. The ease of obtaining and understanding 
the workings of a micro computer, and the fact that a much 
larger segment of engineers and even non-engineers were prepared 
and willing to use this modern technology had an accelerating 
effect on its development and use and created an interesting 
social mix of "positive feedback". 
The picture looks more gloomy if we look into the way in 
which M/M computers in the form of small business computers are 
being applied to small businesses. Some argue that, in spite of 
all euphoria about M/M systems, "an individual businessman, who 
works at a small company whose sales are between $0.5 and $5 
million today, has no place to turn to get quick, competent and 
inexpensive advice about which data processing option--a small 
business system or an outside service--is better for him" [ 8 ] .  
The situation in developing countries may be even more 
complicated. Some of these complications in a rather limited 
area are well described in the paper by Elkins, Matthews and 
Pomeranz [ 9 ] .  
Managerial Consequences of M/M Computers 
Managers are engaged in varied sets of activities. The 
application of M/M computers is undergoing modification and will 
continue to change the organization of these activities thus 
leading to major changes in business operation. The main effect 
of this impact is the expansion of managerial skills and abilities. 
The main purpose of a deeper study in this respect could 
be to develop some criteria and guidelines for managers entering 
the field of M/M computers. 
A prepared manager should act in anticipation of, and not 
in reaction to, the consequences of the M/M computers. 
Manager ia l  and b u s i n e s s  a p p l i c a t i o n s  of M/M computers  seem 
t o  be  most promis ing.  The f u l f i l l m e n t  of  t h e s e  p romises  depends 
t o  a  l a r g e  e x t e n t  on t h e  o v e r a l l  c o s t  t r e n d s  of computer sys tems 
and a t  l e a s t  t h e  secondary  impact  o f  t h e s e  t r e n d s .  A l l  t h i s  
makes t h e  e s t i m a t i o n  of  performance and s u i t a b i l i t y  of a  computer 
system f o r  a  g iven  t a s k  a  compl ica ted  a n a l y s i s  w i t h  c o n f l i c t i n g  
o b j e c t i v e s .  It i s  g e n e r a l l y  agreed  t h a t  t h e  most r e l i a b l e  t r e n d  
i s  t h e  d e c r e a s e  of  hardware c o s t  t o ,  i n  some c a s e s ,  a  n e g l i g i b l e  
l e v e l  when compared w i t h  t h e  t o t a l  c o s t .  T h i s  i s  abou t  t h e  o n l y  
d e c r e a s i n g  t r e n d - - a l l  o t h e r  components of t h e  t o t a l  c o s t  of 
computer sys tems a r e  i n c r e a s i n g .  Th i s  immediately p r o v i d e s  a  
s t r o n g  economic i n c e n t i v e  t o  s h i f t  t h e  c o s t  of  l a b o r  i n t o  t h e  
c a p i t a l  c o s t s  o f  hardware.  
Consequently a  t r e n d  of d e c r e a s i n g  advan tage  of  c e n t r a l  
computers  i n  b a t c h  p r o c e s s i n g  and remote job  e n t r y  t o  c e n t r a l  
computers ,  and even i n  t h e  c o n v e r s a t i o n a l  a c c e s s  t o  c e n t r a l  
computers  c an  b e  expec ted  because  t h e  c o s t  o f  d a t a  i n p u t  opera-  
t i o n ,  s t a f f  and i t s  accommodation and l i n e  c o s t s  ( i n  Europe,  n o t  
i n  t h e  U.S.A.) a r e  expec ted  t o  grow. 
On t h e  o t h e r  hand,  l o c a l  s t and -a lone  M/M computers  w i t h  
d i a l - u p  a c c e s s  t o  c e n t r a l  computers;  l o c a l  s t and -a lone  M/M 
computers  w i t h  s e v e r a l  t e r m i n a l s  a c c e s s i n g  one  f i l e ;  and p e r s o n a l  
computers  w i l l  show an  i n c r e a s i n g  advan tage  because  t hey  e l i m i -  
n a t e  t h e  e s c a l a t i n g  components of  t h e  t o t a l  c o s t  of computer 
sys tems [ l o ] .  
The sm a l l  l o c a l  M/M computers  w i t h  a p p r o p r i a t e  so f twa re  
have a  s p e c i a l  a p p e a l  t o  many managers because  t o  a  b i g  e x t e n t  
t h e y  e l i m i n a t e  t h e  managers '  f e e l i n g s  of " a l i e n a t i o n " .  T h i s  
f e e l i n g  i s  evoked from t h e  f a c t  t h a t  h i s  d a t a  was p rocessed  i n  
a  " f o r e i g n "  c e n t r a l  computer depar tment  ove r  which he  had a lmos t  
no c o n t r o l  and which had i t s  own--and d i f f e r e n t - - p r i o r i t i e s .  
The above-descr ibed t r e n d s  l e d  t o  t h e  widespread u s e  of 
b u s i n e s s  and/or  o f f i c e  computers .  Only a  few y e a r s  ago ,  t h e  
c o s t  of a  s m a l l  b u s i n e s s  computer was i n  t h e  r ange  of  $100,000 
o r  more. NOW, s i m i l a r  sys tems hardware u s u a l l y  c o s t s  less t h a n  
$10,000.  The so f t w a r e  packages  a v a i l a b l e  from major manufac- 
t u r e r s  a l l o w  t o d a y ' s  sm a l l  b u s i n e s s  sys tems t o  perform a s  a  k ind  
of e l e c t r o n i c  f i l i n g  sys tem w i t h  b a s i c  c l e r i c a l  and s e c r e t a r i a l  
f a c i l i t i e s .  
A t y p i c a l  s m a l l  b u s i n e s s  system (M/M computer-based) h a s  
t h e  c o n f i g u r a t i o n  i l l u s t r a t e d  i n  F i g u r e  1 .  
I n  o r d e r  t o  perform t h e  f u n c t i o n s  mentioned i n  F i g u r e  1  
w i t h  minimum of computer  s p e c i a l i s t s  i n t e r f e r e n c e  a  s m a l l  
b u s i n e s s  sys tem i s  equipped w i t h  s o f t w a r e  of t h e  f o l l o w i n g  
s t r u c t u r e :  
-- o p e r a t i n g  sys tem,  r e q u i r i n g  n o t  more t h a n  8k b y t e s  i n  
main memory; 
-- d a t a  management module, w i t h  e lementa ry  d a t a  b a s e  
f a c i l i t i e s  e n a b l i n g  a c c e s s  and man ipu l a t i on  of 
s t r u c t u r e d  d a t a  i n  f i l e s ;  
Memory CPU Backing s t o r a g e  
Coinmunication 
c o n t r o l l e r  
Floppy d i s k  32-64 KB 
* There  a r e  exper iments  t o  connec t  d i s c s  w i t h  megabyte c a p a c i -  
t i e s  t o  a  micro  computer [ I  1  ] . 
0 I 250  unit* 
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-- word p r o c e s s i n g  module c o n t r o l l i n g  t e x t  o u t p u t  w i t h  
p o s s i b i l i t y  of  f o r m a t t i n g ;  
-- d i a l o g u e  p r o c e s s i n g  module c o n t r o l l i n g  and a n a l y z i n g  
i n t e r a c t i v e  d i a l o g u e  of t e r m i n a l  u s e r ;  
-- some k ind  of  job  c o n t r o l  language a l l ow ing  u s e r s  t o  
c o n s t r u c t  n e s t e d  command f i l e s  o f  system commands; 
-- program development f a c i l i t i e s  w i t h  h i g h - l e v e l  l anguages  
and a s s o c i a t e d  a i d s  f o r  l i n k a g e ,  t es t s ,  l i s t i n g  and 
documenta t ion .  
-- a p p l i c a t i o n s  l i b r a r y  of s p e c i f i c  a p p l i c a t i o n  modules,  
u s u a l l y  w r i t t e n  by an OEM s u p p l i e r ,  
-- a p p l i c a t i o n s  programs which r e p r e s e n t  t h e  end-user  
i n t e r f a c e .  
Communication 
l i n e s  
Disp lay  
Keyboard 
Th i s  s o f twa r e  and t h e  cheap  hardware opened new a p p l i c a t i o n s  
t h a t  p r e v i o u s l y  were economica l ly  p r o h i b i t i v e .  Bus iness  a p p l i -  
c a t i o n s  i n c l u d e :  
Te l e type  
Typewri ter  
-- p a y r o l l  
-- c o s t  a cco u n t i n g  
-- ac co u n t s  r e c e i v a b l e  and payab le  
-- word p r o c e s s i n g  
-- s a l e s  p r o c e s s i n g  
-- s a l e s  a n a l y s i s  
-- m a i l i n g  l i s t  maintenance  
-- market  su rvey  t a b u l a t i o n .  
This turned out to be economically effctive even for the 
company with a few tens of employees. With more exclusive 
software, M/M computers can perform: 
-- work scheduling 
-- bid estimates 
-- financial planning and analysis 
-- real-estate and loan evaluation 
-- tax calculation 
-- appointment calendars 
-- stock market analysis 
-- personnel records 
-- trend analysis 
etc. 
With the advent of M/M computers several ways to get the 
needed software emerged. Some software is delivered by the 
hardware manufacturer. That has been the only way since the 
beginning of computer applications. Recently there are many 
small firms specializing in systems analysis and software 
production. Thus the obvious disadvantage to the user of not 
having the necessary software from hardware manufacturers can 
be, at least in part, eliminated. This option of course can 
diminish in part the price advantage of a M/M computer. 
More skilled users of M/M systems are writing their own 
software. This tendency will prevail with the spread of 
personal computing. When going into more detail one can state 
that M/M computers are equipped with operating systems of 
similar structure, but much simpler than the mainframes, and 
they do not have all the facilities the bigger computers have. 
That is not always a disadvantage, it is sometimes even the 
reason for more efficient performance. Operating systems of 
big mainframes are tuned to the more complicated architecture 
(several levels of memory hierarchy, managing the flow of large 
volumes of data sets between these hierarchies, complicated 
access to peripheral equipment, etc.). The design of M/M 
computers being simpler, an operating system which takes less 
than 8KB of memory may perform satisfactorily for a given 
problem, not having of course the flexibility of the mainframe 
incorporated. 
For applications in managerial systems the availability of 
an appropriate higher-level language like COBOL seems to be very 
important. Historically the M/M's were not intended for business 
systems; therefore, only in the last few years some compilers of 
COBOL have been available and one can record the design of some 
COBOL compilers even for micro computers. 
The above features of M/M computers, together with some to 
be mentioned later, have evoked an interesting discussion of 
mainframe vs. M/M computers [ 1 2 ] .  It is impossible to give a 
general and yet a simple answer to this question, because not 
only technical but complicated economic questions are in play 
(vested interest, price of transition to new systems, etc.). 
It is safe to say that mainframe computers will stay with us, 
but that their share of the market may change and will shift more 
to the replacement applications. 
One cannot resist mentioning one radical change brought 
about by the cheap computing power of PI/M computers. In early 
systems the CPU was very expensive (and fast), therefore the 
economy dictated the maximum use of it, which led to internal 
time-sharing and multi-programming with the due penalty of 
complicated control. Now the situation is reversed. CPU in 
microsystems is almost free--who would care to share this 
resource? Therefore this in an invitation to long-awaited 
multi-processor systems with many important features on which to 
capitalize, such as: 
-- high speed of operation 
-- high reliability (through graceful degradation) 
-- short response time, etc. 
There are many questions to be resolved, especially in 
paralleling automatically complicated problems. Some problems 
can be paralleled easily when sub-tasks are not interdependent, 
for example in alrllne reservation systems. The big pay-off of 
this potential research will fuel many activities in this field. 
M/M computers have much promise in many areas where real 
time operations are involved, for example in banking, airline 
reservations, and marketing. Plicro computers made it possible 
to create cheap terminals which are leading to terminal networks 
driven by mini computers. In banking, systems with 6000 terminals 
are under development. These systems may replace the traditional 
batch processing systems and pave the way to wider implementation 
of discussed-and-awaited electronic funds transfer system (EFTS). 
The use of EFTS will create some legal and even social problems. 
Many successful CAD or CAM systems use mini computers 
equipped with some graphic devices. This has a big potential 
which has not yet been widely used for increasing the efficiency 
of highly qualified professionals. 
M/M computers provide the manager with complex information 
on production processes, making possible more optional designs. 
The Organizational Impact of PI/M Computers 
For at least two decades computers have been influencing 
the organizational design and the way organizations are managed. 
This impact is realized in management information and control 
systems. Many goals originally set for these systems obviously 
have not yet been achieved. 
This problem is worth a separate study [13], but for the 
purpose of this paper only a few selected facts are mentioned. 
In this respect perhaps the most discussed impact of computers 
is their role in the age-old problem of centralization vs. 
decentralization in an organization. The self-evident advantage 
of centralized organization was limited by the information 
processing ability of the center, thus creating the hierarchical 
structure with its advantages and drawbacks. The essence of 
this was well described in [ I  4 and 151 . 
The early forecasts [ I 6 1  predicted that under the impact 
of computers large industrial organizations would reverse the 
trend toward decentralization and would "recentralize" under the 
benefits of processing capability of this new technology. This 
trend has not always been confirmed. Organizational structure 
has not been found to depend strongly on the computer, which 
can facilitate either centralized or decentralized structures. 
Some researchers argue that computers tend to reinforce centrali- 
zation under stable conditions and decentralization under dynamic 
conditions. This question is more complex, at least as much as 
is the management of an organization. In many very decentralized 
organizations some activity remains centralized. Many centrally 
prepared plans have been implemented in decentralized structures. 
So it is not safe to give definite simple statements in this 
area. 
M/M computers have reduced the economies-of-scale advantages 
of large computers and are leading to the wider use of distributed 
processing. Similar systems permit a cost-efficient match between 
an individual user's needs and the computer capacity. Individual 
departments have their own M/M system for performing local work. 
Larger computational tasks can be passed to large computers 
or solved by dividing the task among several computers in the 
network. 
Nevertheless the ability of M/PI computers or computer systems 
to respond more effectively and efficiently to the requirements 
of the organizational structure creates an additional driving 
force for the move to distributed processing. This special fea- 
ture of M/M systems can be stated [ 1 7 ]  in the following way-- 
these systems: 
-- allow assignment of the costs of data processing 
operations at the lowest level of the organiza- 
tional structure; 
-- allow maintenance of a uniform corporate system 
in a geographically dispersed environment; 
-- permit efficient mechanization of many clerical 
activities, freeing more time for projects and 
tasks; 
-- permit more easily the use of new technological 
advances and growth of the system. 
The above-mentioned question is related to the technically 
very interesting question of distributed data bases. Centralized 
data bases were a natural consequence of mainframe development 
and its economic environment. With distributed data bases many 
of the above mentioned features are well combined with distrib- 
uted processing, resulting in: 
-- higher speed of access to the data; 
-- processing closer to the data and corresponding 
to the organization structure; 
-- better reliability (graceful degradation); 
-- reduced communication. 
This trend will get a new impetus with the diffusion of 
personal computing. 
All these new features of a computer technology in general 
and M/M systems in particular will have a radical effect on the 
interactions of the data processing systems structure and the 
organizational design. The technology of M/M computers, the 
data bases, word processing and communications can be integrated 
into corporate structure of any organization. It manifests a 
greater adaptability when compared with the effect on an organi- 
zation of a centralized batch-processing system. 
The Future of M/M Computers 
It is difficult to predict the future of such a rapidly 
expanding development as the M/M computers. The global mini 
computer market is estimated to be $6.5 billion in 1981. 
An increasing part of hardware costs in any modern computer 
system is represented by the cost of peripherals. The growth of 
M/M computer application caused of course ne:q opportunities for 
peripheral manufacturers. The result of a market study made by 
Frost E Sullivan (N.Y.C.) ended in the prediction that total 
cumulative miniperipheral shipments over the years 1977-86 will 
add up to $37 billion [18]. 
In most of the IIASA member organization countries the 
annual growth of mini computer installations for the period 
1975-80 is around 50% (U.S., Netherlands), the highest being in 
Italy (133%) and the lowest in Sweden (30%) [19]. 
The technological development of M/M computers will continue 
in the foreseeable future at a pace similar to recent years, 
following the development of large computers [20]. Mini compu- 
ters are step-by-step enhancing their performance and acquiring 
the features of large computers. This is valid for pipe-lining 
of operations, virtual addressing, use of cache memories and 
more sophisticated operational systems, etc. This will, in the 
very near future, lead in small business sysbems to a more 
interactive data processsing style called transaction processing. 
Micro computers in their turn are following several years 
behind the development of mini computers, but opening new 
specific applications. New features are found in the latest 
16-bit micro processors announced by leading manufacturers 
(INTEL-8086, ZILOG-8000, Motorola-6809, etc.). Together with 
cheaper peripherals and new semiconductor memories the price/ 
performance ratio is improving enormously and will continue to 
do so. Some manufacturers are not making a secret of the fact 
that in 1980 a true 16-bit micro processor (a few years ago a 
mini computer CPU) will be produced on a single chip. 
Conclusions 
The fast growing area of M/M computers application created 
the need for over-all studies which are being made in inter- 
national organizations, scientific journals, market research 
firms, etc. Some of the studies are mentioned in the attached 
list of literature [22,23,24 and 251 where we list papers from 
the past two years only. But there still remains a need for 
new and coordinative work, on which IIASA should be engaged. 
The purpose of this paper has been to provide the background 
against which a decision can be taken. 
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IMPACTS OF SMALL-SCALE COMPUTER TECHNOLOGY 
ON MANAGERIAL TASKS 
Workshop group report by 
M.A.H. Dempster, G. Fick, R.D. Hackathorn 
and N. Suzuki 
Introduction 
Rapid developments are occurring in the field of computer 
technology. In particular, the emergence of small-scale 
computers (i.e., mini/micro computers) is causing many signifi- 
cant impacts on individuals, homes, schools, small businesses, 
large corporations, and government. The impacts of this technol- 
ogy on the nature of managerial tasks are very complex and in- 
direct. Yet there is an important need to assess these impacts 
and to advise managers about appropriate usages of this new 
technology. 
This paper attempts to establish a framework for analyzing 
the impacts of small-scale computer technology on managerial 
tasks and the related organizational aspects. These impacts 
cut deeply into the fabric of the organization so that many of 
the traditional theories of organizations may not be useful for 
understanding and reacting to these impacts. The conclusion of 
our discussion group is that more research is needed to identify 
the impacts of small-scale computer technology on managerial 
tasks, particularly in the area of the interface of the technol- 
ogy to the manager. 
Information Technology versus Computer Technology 
When discussing technological impacts, it is important to 
distinguish between information technology and computer technol- 
ogy. In the context of this paper, information technology refers 
to any mechanism for processing data and transforming that data 
into information that a manager can consume in his/her decision- 
making process. Information technology is highly dependent upon 
the individuals and organizations concerned. 
Computer technology, on the other hand, refers to a subset 
of information technology that employs data processing equipment 
(i.e., computers). Computer technology is contrasted with manual 
forms of information technology which are labor intensive and 
where the capital investnent in equipment is minimal or non- 
existent. 
The area of computer technology can be further subdivided 
into large-scale computing (LSC) and small-scale computing (SSC). 
This distinction is useful since it'highlights the mini/micro 
computer technology with the maxi/midi computer technology. 
New Opportunities versus Old Constraints 
A complication with the study of the impacts of SSC is that 
this technology is concurrently performing both of the following 
two actions: 
1. Introducing new opportunities; and 
2. Eliminating old constraints. 
New opportunities are emerging for performing managerial 
tasks in completely new ways. Whether managers will decide to 
utilize SSC is a decision that individual managers are facing on 
a daily basis and a policy matter that organizations are increas- 
ingly having to decide. This situation is exactly the situation 
of balancing current actual uses with potential future uses. 
Given a particular managerial task, SSC may be a necessary condi- 
tion, but there are many non-technology factors to consider in 
determining the sufficient conditions. 
The elimination of old constraints is a more subtle situa- 
tion. Many of the organizational structures and managerial 
policies existing today have evolved from many years of adapting 
to various constraints placed upon the organizations. Constraints 
of past information technology have influenced significantly the 
fundamental nature of organizations. The authors believe that 
the new forms of information technology will allow radically 
different organizational structures and managerial policies to 
diverge from current practices. Further, the variety of manage- 
ment practices that can coexist within the same organizational 
framework will greatly increase. The coupling of organizational 
structure can be loosened, and the tolerance for variance in 
decision-making processes can be increased. This new flexibility 
of designing organizations is the challenge that SSC technology 
has laid before us. 
Causal Relationships 
To explore the impacts of SSC technology on managerial tasks, 
a framework was first built. This framework is shown in Figure 1. 
On the left side of the figure are certain characteristics of 
information technology acting as the independent variables in a 
sequence of causal relationships. On the right side are certain 
F i g u r e  1 .  C a u s a l  R e l a t i o n s h i p s  o f  I m p a c t s  
INFORMATION 
TECHNOLOGY 
c h a r a c t e r i s t i c s  of  t h e  m a n a g e r i a l  t a s k s  a c t i n g  as t h e  d e p e n d e n t  
v a r i a b l e s .  An i m p o r t a n t  c o n t r i b u t i o n  of  t h i s  p a p e r  i s  t o  hypo- 
t h e s i z e  t h a t  t h e r e  e x i s t s  a n  immediate v a r i a b l e  be tween t h e  
i n f o r m a t i o n  t e c h n o l o g y  and  m a n a g e r i a l  t a s k s .  T h i s  immedia te  
v a r i a b l e  i s  c a l l e d  t h e  " ~ a n a g e r / I n f o r m a t i o n  Technology I n t e r -  
f a c e "  o r  t h e  M/IT i n t e r f a c e .  
The s i g n i f i c a n c e  o f  t h e  M / I T  i n t e r f a c e  i n  t h e  above  c a u s a l  
r e l a t i o n s h i p  l i e s  i n  t h e  fundamen ta l  n a t u r e  o f  how a manager  
i n t e r a c t s  w i t h  t h e  i n f o r m a t i o n  t e c h n o l o g y .  The impac t  of  s m a l l -  
scale comput ing  t e c h n o l o g y  i s  t h a t  t h i s  i n t e r f a c e  i s  much more 
" p e r s o n a l " ,  t h u s  i n t e g r a t i n g  b e t t e r  i n t o  t h e  normal  r o u t i n e  o f  
t h e  manager .  
F i g u r e  1 a l s o  shows two o t h e r  v a r i a b l e s  a c t i n g  a s  i n t e r -  
v e n i n g  v a r i a b l e s  t o  t h e  M/IT i n t e r f a c e  and  m a n a g e r i a l  t a s k s .  
The f i r s t  i n t e r v e n i n g  v a r i a b l e  i s  o r g a n i z a t i o n  s i z e .  Depending 
on  t h e  s i z e  (and  hence  c o m p l e x i t y )  of  t h e  o r g a n i z a t i o n a l  
s t r u c t u r e ,  t h e  M / I T  i n t e r f a c e  w i l l  r e a c t  d i f f e r e n t l y  t o  t h e  
i n f o r m a t i o n  t e c h n o l o g y .  The second  i n t e r v e n i n g  v a r i a b l e  i s  
management l e v e l ,  which  i s  d e f i n e d  i n  terns of  A n t h o n y ' s  t h r e e -  
way c a t e g o r i z a t i o n  o f  o p e r a t i o n a l  c o n t r o l ,  m a n a g e r i a l  c o n t r o l ,  
and  s t r a t e g i c  p l a n n i n g .  
MANAGERIAL 
TASKS 
MANAGER/INFORMATION 
TECHNOLOGY INTERFACE 
ORGANIZATION 
SIZE 
The n e x t  t h r e e  s e c t i o n s  w i l l  e x p l a i n  i n  more d e t a i l  t h e  
t h r e e  m a j o r  v a r i a b l e s  i n  F i g u r e  1 i n  t h e  o r d e r :  ( 1 )  i n f o r m a t i o n  
t e c h n o l o g y ;  ( 2 )  i n t e r f  a c e  w i t h  t h e  manager;  and  ( 3 )  m a n a g e r i a l  
t a s k s .  
I 
MANAGEMENT 
LEVEL 
T r a n s i t i o n s  i n  I n f o r m a t i o n  Technology 
T h i s  s e c t i o n  w i l l  f o c u s  o n  t h e  n a t u r e  o f  t h e  i n f o r m a t i o n  
t e c h n o l o g y  a n d ,  i n  p a r t i c u l a r ,  c e r t a i n  t r a n s i t i o n s  t h a t  are 
o c c u r r i n g  i n  t h e  form o f  t h a t  t e c h n o l o g y .  The a rgument  i s  made 
t h a t  it i s  t h e s e  t r a n s i t i o n s  t h a t  are c a u s i n g  t h e  s i g n i f i c a n t  
c h a n g e s  i n  i n t e r f a c i n g  t h e  t e c h n o l o g y  t o  manage r s .  
The application of computer technology has broadened over 
the past twenty years from singular applications (such as payroll) 
into almost every facet of an organization's operation. This 
transition from manual to computer-based information processing 
has mainly been one of applying large-scale centralized computing 
to mechanizing manual tasks. In the past, the alternative of 
applying small-scale computing has been uneconomic because of 
considerations such as hardware costs and limited storage 
facilities. 
As stated previously, the three forms of information tech- 
nology can be characterized as: 
1. Manual procedures; 
2. Large-scale computing (LSC); and 
3. Small-scale computing (SSC) . 
The logical functions performed by the technology is similar 
in all three forms. The above distinction is based upon the 
nature of the mechanisms, rather than differences in the proces- 
sing itself. 
Large-scale computing can be characterized by a centralized 
computer system utilized either for batch processing or inter- 
active processing via time-sharing techniques. Small-scale 
computing is characterized by minicomputer or microcomputer 
systems designed to satisfy the local information processing 
needs of a manager. The differences in defining the terms of 
LSC and SSC are based on the extent to which a manager's informa- 
tion processing needs are satisfied locally versus remotely. 
Further, the term "manager" can refer to an individual or a 
group of persons working closely on the same task. 
As shown in Figure 2, the main transition in the form of 
information technology has been the shift from manual procedures 
to large-scale computing. The data processing industry to date 
can be adequately described in terms of the implications of 
this transition. 
It is more important, however, to focus on the two other 
transitions shown in Figure 2, which are: (1) the shift from 
large-scale computing to small-scale computing; and (2) the 
shift from manual procedures to small-scale computing. 
Some of the difficulty in understanding the impact of SSC 
on organizations stems from not recognizing that there are two 
concurrent transitions in technological forms. The first transi- 
tion (labelled "A") is the transition from LSC to SSC. This 
transition is the one normally implied when discussing topics 
such as distributed computing and distributed databases. The 
underlying implication is that the degree of centralization of 
the processing activities is being lessened by decentralizing 
some activities to local SSC nodes. 
The second transition (labelled " B " )  is often overlooked. 
It is the shift from manual procedures to SSC. For various 
F i g u r e  2 .  T r a n s i t i o n s  i n  I n f o r m a t i o n  Technology  
Examples  : 
- d i s t r i b u t e d  
@ comput ing  
r e a s o n s ,  many manual  p r o c e d u r e s  h a v e  n o t  been  s h i f t e d  t o  LSC. 
Economic c o n s i d e r a t i o n s  a r e  a  m a j o r  r e a s o n .  Examples  o f  t h i s  
t r a n s i t i o n  a r e  t h e  booming a r e a  o f  s m a l l  b u s i n e s s  c o m p u t e r s  and  
t h e  p e r s o n a l  management s y s t e m s  owned s e c r e t l y  by many managers  
i n  l a r g e  c o r p o r a t i o n s .  
Manual p r o c e d u r e s  
Examples:  
Manage r / In fo rma t ion  Technology  I n t e r f a c e  
- d i s t r i b u t e d  
d a t a  b a s e s  
T h i s  s e c t i o n  f o c u s e s  on  t h e  i n t e r f a c e  be tween  t h e  manager  
a n d  t h e  p a r t i c u l a r  form o f  i n f o r m a t i o n  t e c h n o l o g y  t h a t  h e / s h e  
u t i l i z e s  i n  p e r f o r m i n g  t h e i r  t a s k s .  The s e c t i o n  w i l l  c o n s i d e r  a  
series o f  c h a r a c t e r i s t i c s  c o n c e r n i n g  t h e  M/IT i n t e r f a c e  i n  t e r m s  
o f  t h e  i m p a c t s  t h a t  SSC t e c h n o l o g y  i s  h a v i n g .  
P e r s o n a l i z a t i o n .  The f i r s t  c h a r a c t e r i s t i c  o f  t h e  M / I T  i n t e r -  
f a c e  i s  t h e  d e g r e e  t o  which  a  manager  c a n  p e r s o n a l i z e  o r  c u s t o m i z e  
t h e  t e c h n o l o g y  t o  f i t  t h e  m a n a g e r i a l  t a s k .  SSC i s  h a v i n g  a  m a j o r  
i m p a c t  t h r o u g h  i n c r e a s i n g  p e r s o n a l i z a t i o n .  I n  f a c t ,  many re fer  
t o  s m a l l - s c a l e  compu t ing  a s  " p e r s o n a l  compu t ing" ,  t h e r e b y  i m p l y i n g  
t h a t  m i c r o c o m p u t e r s  a r e  b e i n g  u s e d  p r i m a r i l y  on  a  p e r s o n a l  l e v e l .  
- s m a l l  b u s i n e s s  c o m p u t e r s  V 
F r i e n d l i n e s s .  A n o t h e r  c h a r a c t e r i s t i c  o f  t h e  i n t e r f a c e  i s  
t h e  d e g r e e  t o  which  t h e  manager  p e r c e i v e s  t h a t  t h e  t e c h n o l o g y  
i s  " f r i e n d l y " .  T h i s  c h a r a c t e r i s t i c  i s  a n  e m o t i o n a l  p e r c e p t i o n  
by t h e  manager  t h a t  c a n  have  i m p o r t a n t  s i d e - e f f e c t s  on a d o p t i o n  
p a t t e r n s ,  e tc .  
- p e r s o n a l  management 
P r e d i c t a b i l i t y .  The d e g r e e  t o  which  a  manager  c a n  p r e d i c t  
t h e  outcome o f  u s i n g  a  c e r t a i n  i n f o r m a t i o n  t e c h n o l o g y  i s  r e l a t e d  
t o  t h e  e x t e n t  t o  which t h a t  manager u t i l i z e s  t h e  t e c h n o l o g y .  To 
s t a t e  t h i s  a s s e r t i o n  a n o t h e r  way, t h e  a v e r a g e  l e n g t h  o f  t i m e  t o  
o b t a i n  a  u s e f u l  r e s p o n s e  i s  n o t  a s  i m p o r t a n t  t o  a  manager  a s  t h e  
S m a l l - s c a l e  comput ing  
s y s t e m s  
variance in that length. If a manager can predict with a high 
certainty when and how the technology will supply useful infor- 
mation, then the manager can plan to incorporate that information 
in a larger activity. Uncertainty prohibits the manager from 
planning. 
Self-Control. The degree to which the technology is under 
the manager's direct control is positively related to the utili- 
zation of that technology. An analogy to- the telephone may be 
useful. Sharing a telephone among managers will cause more 
inconvenience than purchasing telephones for each manager. 
Confidentiality. It has been stated by many authors that 
information is power. Therefore, the degree to which a manager 
must share his/her information negatively affects the manager's 
power. The information technology should allow variable amounts 
of confidentiality for the data used by a manager. 
Involvement. If a manager is directly involved with using 
the technology, the manager can more effectively use that tech- 
nology. Since LSC technology has often been centralized into 
a separate organizational unit, SSC technology has once again 
allowed the manager to be involved with the technology. 
Adaptability. The technology needs to adapt to the changing 
environment faced by the manager. Since the manager is respon- 
sible for all phases of the information processing activity, 
changes to the information system require less coordination 
among individuals. Hence, the information requirements can be 
translated more easily into usable software programs. 
Managerial Tasks 
The characteristics of the managerial tasks were elaborated 
by another seminar discussion group. Managerial tasks are 
affected by SSC technology in terms of increased variety in 
managerial activities, more loosely coupled systems, and a 
decentralization in information processing activities. 
Conclusions 
Based on an elaboration of the framework presented in this 
paper, it should be possible to identify bottlenecks in the 
future dissemination of SSC technology into the management 
functions in organizations. Further research is needed to 
explore the impacts of this new technology and, thus, more 
effectively utilize it to increase productivity of organizations. 
THE EXPECTED EFFECT ON MINI/MICRO COMPUTERS 
ON ORGANIZATION 
Workshop g r o u p  r e p o r t  by 
G .  D o ~ ~ o v ,  A.S. Douglas ,  H .  E t o  and  G .  H o f s t e d e  
I t  i s  a  common e x p e r i e n c e  t h a t  new computer  t o o l s  have  
been  used  a s  a n  e x c u s e  f o r  t h e  i n t r o d u c t i o n  o f  o r g a n i z a t i o n a l  
c h a n g e s  which were d e s i r e d  by management anyway and which w e r e  
n o t  d i c t a t e d  by t h e  n a t u r e  o f  t h e  t o o l  o r  i t s  e f f i c i e n t  u s e .  
However, i t  i s  t r u e  t h a t ,  b e c a u s e  o f  t h e  economies  o f  s i z e ,  
e x p r e s s e d  r o u g h l y  by G r o s c h ' s  Law, mainframe compute r s  have  
t e n d e d  t o  f i t  more r e a d i l y  i n t o  a  c e n t r a l i z e d  s t r u c t u r e  t h a n  a  
d e c e n t r a l i z e d  one .  T h i s  s i t u a t i o n  h a s  been  s t e a d i l y  e r o d e d ,  
s i n c e  t h e  economies  o f  s i z e  c a n  o n l y  b e  r e a l i z e d  i f  s u b s t a n t i a l  
amounts  o f  d a t a  a r e  t r a n s m i t t e d  from r e m o t e  s i tes  and i f  a  
c o m p l i c a t e d  o p e r a t i n g  sys t em i s  c o n s t r u c t e d  t o  h a n d l e  t h e  
d i s t r i b u t i o n  o f  compute r  r e s o u r c e s  t o  a  m u l t i p l i c i t y  o f  t a s k s  
on a  dynamic b a s i s .  Both t r a n s m i s s i o n  c o s t s  and t h e  s u b s t a n t i a l  
o v e r h e a d  i n c u r r e d  by t h e s e  o p e r a t i n g  s y s t e m s  have  d e t r a c t e d  from 
t h e  economies  o f  s i z e .  
The new t e c h n o l o g y  b e i n g  s t u d i e d  h a s  r e d u c e d  t h e  c o s t  o f  
comput ing ,  and h a s  s o  f a r  been  d e p l o y e d  t o  p r o v i d e  c h e a p e r  s m a l l  
s y s t e m s  f o r  l o c a l  u s e  r a t h e r  t h a n  i n  mainf rames ,  p a r t l y  b e c a u s e  
o f  machinery  c o n s i d e r a t i o n s  and  p a r t l y  b e c a u s e  o f  t h e  p h a s e  o f  
mainframe deve lopmen t  by t h e  major  m a n u f a c t u r e r s  d u r i n g  which 
t h e  t e c h n o l o g y  h a s  been  i n t r o d u c e d .  I t  i s  c o n s i d e r e d  p r o b a b l e  
t h a t ,  d u r i n g  t h e  p e r i o d  u n d e r  r e v i e w ,  a l t h o u g h  s i g n i f i c a n t  
c h a n g e s  i n  ma in f rames  may t a k e  p l a c e ,  t e l e c o m m u n i c a t i o n s  c o s t s  
w i l l  r e d u c e  s l o w l y ,  s o  t h a t  economies o f  s i z e  w i l l  b e  less e a s i l y  
r e a l i z a b l e  t h a n  b e f o r e .  The t e n d e n c y  w i l l  t h e r e f o r e  b e  toward  
l o c a l  o p e r a t i o n  on  II/M s y s t e m s  w i t h  c r o s s - c o n n e c t i o n s  e s t a b l i s h e d  
a s  seems most  e f f e c t i v e  and economic t o  t h e  u n i t s  c o n c e r n e d .  
T h e r e  w i l l  b e  much less economic p r e s s u r e  t o w a r d s  t h e  c e n t r a l i z a -  
t i o n  o f  computer  f a c i l i t i e s ,  a l t h o u g h  some c e n t r a l  c o n t r o l  o f  
t h e  c r o s s - c o n n e c t i o n ,  be tween u n i t s  w i t h i n  a n  o r g a n i z a t i o n  w i l l  
b e  e s s e n t i a l  t o  e n s u r e  e f f e c t i v e  i n t e r n a l  communica t ions .  
W e  f o r e s e e  s e v e r a l  e f f e c t s  f l o w i n g  f rom t h i s :  
1 .  I t  w i l l  b e  e a s i e r  t o  i n t r o d u c e  comput ing  i n t o  a n  
o r g a n i z a t i o n ,  s i n c e  mach ine ry  i s  c h e a p e r  a n d ,  w i t h i n  
l i m i t s ,  l o c a l  d e c i s i o n s  c a n  b e  t a k e n  t o  a c q u i r e  them-- 
i n d e e d  t h e  s m a l l e r  s y s t e m s  a r e  a l r e a d y  more i n  t h e  
n a t u r e  o f  o f f i c e  equ ipmen t  t h a n  a  m a j o r  i n v e s t m e n t .  
Moreover t h e  i n t r o d u c t i o n  c a n  b e  p r o c e e d e d  by s m a l l e r  
s t e p s .  
2 .  T h e r e  w i l l  b e  a  p o t e n t i a l  f o r  g r e a t e r  v a r i e t y  i n  
c r o s s - c o n n e c t i n g ,  l o o s e l y  c o u p l e d  sub - sys t ems  which  a r e  
s u p p o r t e d  on  l o c a l  compu te r s .  T h i s  c a n  l e a d  t o  a  
lesser  o v e r l o a d  on  communica t ion  c h a n n e l s  a t  a l l  l e v e l s .  
The r e s u l t i n g  s y s t e m  i s  e a s i e r  t o  r e p a i r  and  h a s  g r e a t e r  
f l e x i b i l i t y  t h a n  a  " c e n t r a l "  sys t em.  However, w e  
r e c o g n i z e  t h a t  t h i s  c a n  o n l y  b e  e n s u r e d  i f  s u i t a b l e  
s t a n d a r d s  and  p r o t o c o l s ,  l a i d  down c e n t r a l l y ,  a r e  
a d h e r e d  t o .  Thus t h e  r o l e  of  c e n t r a l  compu te r  manage- 
ment w i l l  change  from t h e  p o s i t i o n  o f  l a r g e  s c a l e  
" s e r v i c e  c e n t e r s "  t o  t h a t  o f  c o o r d i n a t i n g  and  
o r c h e s t r a t i n g  a  v a r i e t y  of  m a c h i n e r y  w i t h i n  a  " n e t -  
workn--which may w e l l  i n c l u d e  t h e  u s e  o f  e x t e r n a l  
s e r v i c e  f a c i l i t i e s  a s  w e l l  a s  m a c h i n e s  o p e r a t e d  
i n t e r n a l l y .  I t  i s  i n e v i t a b l e  t h a t  e x i s t i n g  s e r v i c e  
c e n t e r s  w i l l ,  to  some e x t e n t ,  res is t  t h e s e  c h a n g e s ,  
and c a r e f u l  p l a n n i n g  w i l l  be  needed ,  s u p p o r t e d  by  t o p  
management. 
3 .  A s  computer  power becomes c h e a p e r ,  some p a r t  o f  
t h i s  a d v a n t a g e  i s  l i k e l y  t o  b e  u s e d  t o  make m a c h i n e s  
e a s i e r  t o  u s e .  T h e r e  w i l l  c o n t i n u e  t o  b e  a  demand o n  
h i g h - l e v e l  s o f t w a r e  e x p e r t s  t o  a c h i e v e  t h i s ,  n e v e r t h e -  
less t h e  p r o p o r t i o n  o f  t h e s e  e x p e r t s  t o  t h e  g e n e r a l  
u s e r  p o p u l a t i o n  w i l l  t e n d  t o  f a l l .  The re  w i l l  b e  a 
g r e a t e r  need f o r  t r a i n i n g  a t  t h i s  l e v e l  o f  t h e  g e n e r a l  
u s e r ,  who w i l l  need  t o  b e  less  o f  a  compu te r  s p e c i a l i s t  
t h a n  now. E x i s t i n g  u s e r s  w i l l  need  t o  b e  r e t r a i n e d  and  
u p d a t e d  t o  r e d u c e  t h e i r  r e s i s t a n c e  t o  t h e  i n e v i t a b l e  
c h a n g e s .  
4 .  The w i d e r  s p r e a d  of  comput ing  a t  t h e  c l e r i c a l  l e v e l ,  
which w e  see t a k i n g  p l a c e  i n i t i a l l y  a s  a  r e s u l t  of 
word p r o c e s s i n g  equ ipmen t  r e p l a c i n g  t y p e w r i t e r s ,  w i l l  
t e n d  t o  a f f e c t  t h e  m a n a g e r i a l  c o n t r o l  c y c l e ,  by 
s p r e a d i n g  o u t  t h e  p a s s i n g  of  i n f o r m a t i o n  be tween  
m a n a g e r i a l  c e n t e r s .  T h i s  speed  up  w i l l  h e l p  t o  improve 
t h e  r e s p o n s e  o f  o r g a n i z a t i o n  t o  c h a n g e ,  and may w e l l  
a f f e c t  t h e  s p a n  of  c o n t r o l  o f  i n d i v i d u a l  manage r s ,  
a l t h o u g h  t h e  t e c h n o l o g y  w i l l  n o t  r e q u i r e  t h i s .  
5 .  T h e r e  w i l l  i n e v i t a b l y  b e  a  change  i n  t h e  power a n d  
s t a t u s  d i c t a t e d  t o  e x i s t i n g  j o b s  w i t h i n  a n  o r g a n i z a t i o n  
a s  a  r e s u l t  o f  t h e  c h a n g e s  r e f e r r e d  t o  above .  I n s o f a r  
a s  t h e  p o s s e s s i o n  o f  i n f o r m a t i o n  a n d  t h e  r i g h t  t o  
c o n t r o l  a c c e s s  t o  it r e p r e s e n t s  power,  t h e  i n t r o d u c t i o n  
of  t h i s  p r o c e s s i n g  power a t  t h e  l e v e l  o f  d a t a  c o l l e c t i o n  
i m p l i e s  more power s p a c e d  t h r o u g h  t h e  o r g a n i z a t i o n  and  
g i v e s  t h e  p o s s i b i l i t y  f o r  w i d e r  p a r t i c i p a t i o n  i n  t h e  
affairs of the organization. The power and status 
changes for existing expert groups has already been 
referred to, and some new expert areas identified in 
2 above. Clearly the disturbances involved require 
careful managerial attention if the most is to be made 
of the opportunities offered by the new technology. 
SOCIAL IMPACTS OF SMALL COMPUTER SYSTEMS 
Workshop g r o u p  r e p o r t  by  
E .  Braun,  A. Csakany,  A. Doug las ,  H.  Maier 
and  H .  Rosenbrock 
Employment a n d  t h e  Mature  of  Work 
T h e r e  i s  l i t t l e  d o u b t  t h a t  s m a l l  compute r  s y s t e m s  c a n  b e  
u s e d  t o  a u t o m a t e  many p r o d u c t i o n  p r o c e s s e s  a n d  t o  i n c r e a s e  t h e  
e f f i c i e n c y  o f  many a d m i n i s t r a t i v e  p r o c e s s e s .  I f  t h i s  c a n  b e  
d o n e  e c o n o m i c a l l y ,  a s  u n d o u b t e d l y  it c a n ,  t h e n  t h e  n e t  r e s u l t  
o f  u s i n g  s m a l l  compute r  s y s t e m s  mus t  b e  i n c r e a s e d  economic 
e f f i c i e n c y .  I n  t h e  w o r l d  of  p u r e  economic t h e o r y ,  i n c r e a s e d  
e f f i c i e n c y  i s  a  p u r e  b l e s s i n g  which  s h o u l d  l e a d  t o  a  g r e a t e r  
s a t i s f a c t i o n  of  human n e e d s .  I n  t h e  impure  w o r l d  o f  r e a l i t y ,  
many p e o p l e  fear  t h a t  t h e  i n c r e a s e d  u s e  o f  l a b o r - s a v i n g  t e c h -  
n o l o g i e s  w i l l ,  on b a l a n c e ,  l e a d  t o  endemic  p rob lems  of  unemploy- 
ment .  
The c h e a p n e s s  of  t h e  l o g i c  g a t e  a n d  o f  a s m a l l  s y s t e m  i s  
s u c h  t h a t  i n  many c a s e s  t h e  f a c t o r  s u b s t i t u t i o n  of  c o m p u t e r s  f o r  
human o p e r a t o r s  w i l l  b e  j u s t i f i e d  on  economic  g r o u n d s .  The main 
l i k e l y  a r e a s  o f  s u b s t i t u t i o n  a r e  i n  s i m p l e  o f f i c e  t a s k s  (word 
p r o c e s s o r s ) ,  p r i n t i n g ,  machine  t o o l s ,  w a r e h o u s i n g ,  a s s e m b l y ,  
material h a n d l i n g ,  etc .  Undoubted ly  t h e  p r o d u c t i o n  o f  l a b o r -  
s a v i n g  mach ine ry  i t s e l f  w i l l  r e q u i r e  l a b o r  and  many new p r o d u c t s  
w i l l  come o n  t h e  m a r k e t ,  g i v i n g  new employment o p p o r t u n i t i e s .  
T h e r e  i s  a  r e a l  p o s s i b i l i t y ,  however ,  t h a t  t h e  b a l a n c e  be tween  
removal  and c r e a t i o n  o f  j o b  o p p o r t u n i t i e s  w i l l  b e  u n f a v o r a b l e  
n o t  o n l y  i n  t h e  s h o r t  t e r m ,  b u t  a l s o  i n  t h e  l o n g  t e r m .  
The main wor ry  o f  many p e o p l e  i s  t h a t  it w i l l  b e  p a r t i c u l a r l y  
d i f f i c u l t  t o  f i n d  employment f o r  t h e  u n e d u c a t e d  and  u n s k i l l e d ,  
a s  s u c h  w o r k e r s  a r e  most  r e a d i l y  r e p l a c e d  by computer  c o n t r o l l e d  
s y s t e m s .  
I t  would a p p e a r  t h a t  a t  p r e s e n t  t h e  d a n g e r s  of t e c h n o l o g i c a l  
unemployment a r e  n o t  a p p a r e n t  i n  t h e  s o c i a l i s t  c o u n t r i e s ,  b u t  
w h e t h e r  t h e y  w i l l  r e m a i n  p e r m a n e n t l y  immune i s  a n  open  q u e s t i o n .  
I n  b o t h  E a s t e r n  and Western c o u n t r i e s ,  t h e  t o t a l  amount of 
economic d i s r u p t i o n ,  and p o s s i b l y  unemployment, caused by s m a l l  
computers  w i l l  depend on many f a c t o r s .  C r u c i a l  amongst t h e s e  
a r e  t h e  t o t a l  management of t h e  economy, t h e  s t a t e  of world 
t r a d e ,  t h e  smoothness of  u p t a k e  of  t h e  new t e c h n o l o g i e s ,  and many 
more. W e  have i n s u f f i c i e n t  knowledge o f  many of t h e  f a c t o r s  
invo lved  i n  t h e  smooth i n t r o d u c t i o n  of s m a l l  computers  o r  computer  
based machine t o o l s ,  i n c l u d i n g  r o b o t s .  W e  a l s o  have i n s u f f i c i e n t  
e m p i r i c a l  knowledge of t h e  f u l l  consequences  of t h e  i n t r o d u c t i o n  
of s m a l l  computers  o r  automated machinery a t  p l a n t  l e v e l .  S e v e r a l  
r e s e a r c h  g roups  a r e  c a r r y i n g  o u t  i n v e s t i g a t i o n s  i n t o  t h e s e  m a t t e r s  
and some i n t e r n a t i o n a l  c o o p e r a t i o n  i n  such r e s e a r c h  would b e  
h i g h l y  p r o f i t a b l e .  Among o t h e r s ,  t h e  Technology P o l i c y  U n i t  of  
t h e  U n i v e r s i t y  of Aston i n  Birmingham i s  a t t e m p t i n g  t o  a n a l y z e  
t h e  f a c t o r s  which enhance  o r  r e t a r d  t h e  i n t r o d u c t i o n  of elec- 
t r o n i c  au tomat ion ,  i n c l u d i n g  r o b o t s ,  i n  manufac tu r ing  i n d u s t r y .  
The same s t u d y  a l s o  i n v e s t i g a t e s  t h e  r e s u l t s  of t h e  i n t r o d u c t i o n  
of  au tomat ion  i n  human, economic, m a n a g e r i a l  and o t h e r  terms. 
A v i t a l l y  i m p o r t a n t  t o p i c ,  though one on which w e  a s  a  
g roup  have v e r y  l i t t l e  i n f o r m a t i o n  a t  p r e s e n t ,  i s  t h e  q u e s t i o n  
of  t h e  impact  of s m a l l  computers  on d e v e l o p i n g  c o u n t r i e s .  I t  i s  
p o s s i b l e  t h a t  t h e y  w i l l  have t h e  e f f e c t  of g r e a t l y  enhancing 
m a n a g e r i a l  e f f i c i e n c y  and t h e r e b y  g i v e  impetus  f o r  economic 
growth.  On t h e  o t h e r  hand,  it i s  p o s s i b l e  t h a t  t h e  deve lop ing  
c o u n t r i e s  might  l o s e  what advan tage  t h e y  have from cheap  l a b o r ,  
a s  manufac tu re  i n  advanced c o u n t r i e s  becomes less l a b o r -  
i n t e n s i v e .  
On b a l a n c e ,  w e  do n o t  t h i n k  t h a t  o v e r  t h e  n e x t  t e n  y e a r s  
t h e r e  w i l l  b e  a  c o n s i d e r a b l e  change i n  t h e  n a t u r e  of work o r  i n  
a t t i t u d e s  t o  work. There may b e  r e d u c t i o n s  i n  t h e  working week, 
t h e  working y e a r  o r  t h e  working l i f e ,  b u t  b a s i c a l l y  p e o p l e  w i l l  
c o n t i n u e  t o  s e e k  employment. I n  a l l  i n d u s t r i a l  s o c i e t i e s  
employment n o t  o n l y  p r o v i d e s  peop le  w i t h  a  l i v e l i h o o d ,  b u t  a l s o  
w i t h  s o c i a l  i n t e r c o u r s e  and some e x t e r n a l  v a l i d a t i o n  of t h e i r  
a c t i v i t i e s .  I t  i s  v e r y  u n l i k e l y  t h a t  o v e r  t h e  n e x t  t e n  y e a r s  o r  
s o  any s o c i a l  forms w i l l  have developed which c o u l d  r e p l a c e  work 
a s  a  means of  d i r e c t i n g  and v a l i d a t i n g  p e o p l e ' s  e f f o r t s  and a s  
a  means of p r o v i d i n g  companionship and a  framework f o r  s o c i a l  
r e l a t i o n s .  Even i f  a  " s o c i a l  wage" were p a i d  t o  eve ryone ,  w e  
do n o t  t h i n k  t h a t  a t t i t u d e s  t o  work would change v e r y  markedly.  
Educa t ion  and T r a i n i n g  
There  i s  no d o u b t  t h a t  s m a l l  computer  sys tems w i l l  r e q u i r e  
changes  i n  e d u c a t i o n a l  and t r a i n i n g  p r o v i s i o n s .  I t  w i l l  become 
i n c r e a s i n g l y  i n a p p r o p r i a t e  t o  t r a i n  peop le  o n l y  once  i n  a  l i f e -  
t i m e  because  r a p i d  t e c h n o l o g i c a l  changes  r e q u i r e  c o n s t a n t  adap- 
t a t i o n  of  s k i l l s .  Educa t ion  w i l l  have t o  p r o v i d e  f l e x i b i l i t y  of 
mind and t r a i n i n g  w i l l  have t o  c a t e r  f o r  f l e x i b i l i t y  of  s k i l l s .  
Even d e f i n i t i o n s  o f  s k i l l s  w i l l  have t o  become more f l e x i b l e ,  
w i t h  a s  few b o u n d a r i e s  a s  p o s s i b l e .  A l l  ar rangements  f o r  f i t t i n g  
p e o p l e  i n t o  jobs  and p r o v i d i n g  j o b s  f i t  f o r  p e o p l e  w i l l  have t o  
become f l e x i b l e  and w i l l  r e q u i r e  a  l o t  o f  t h o u g h t .  Even now w e  
o b s e r v e  a  s i t u a t i o n  where  c o n s i d e r a b l e  unemployment r u n s  s i d e  by 
s i d e  w i t h  s e v e r e  s h o r t a g e  o f  s k i l l e d  w o r k e r s .  
Smal l  compute r s  t h e m s e l v e s  may b e  u s e d  a s  a i d s  i n  t r a i n i n g  
and p o s s i b l y  i n  e d u c a t i o n ,  b u t  no r e a l  r e p l a c e m e n t  of  t e a c h e r s  
i s  f o r e s e e n .  
Much argument  c e n t e r s  on  t h e  q u e s t i o n  o f  g r a d u a l  d e - s k i l l i n g  
o f  j o b s  by inachines .  C e r t a i n l y  many p a s t  s k i l l s  have  d i s a p p e a r e d  
and  d i v i s i o n  o f  l a b o r  h a s  l e d  t o  f r a c t i o n a l  j o b s .  I t  n a y  b e  
a r g u e d  t h a t  t h e  s m a l l  compute r  w i l l  t a k e  o v e r  many o f  t h e  most  
r o u t i n e  t a s k s  and  t h a t  t h e  programming, s u p e r v i s i o n  and c o n t r o l  
f u n c t i o n s  a s s o c i a t e d  w i t h  it w i l l  l e a d  t o  new s k i l l e d  j o b s .  I t  
may b e  t h a t  t h e  number o f  such  j o b s  w i l l  n o t  match t h o s e  s k i l l e d  
j o b s  r e p l a c e d  by computer  c o n t r o l l e d  mach ines  and t h a t  t h e  
p r o c e s s  o f  d e - s k i l l i n g  w i l l  c o n t i n u e .  T h i s  i s  a m a t t e r  on  which 
a c t i v e  p o l i c i e s  o u g h t  t o  b e  p u r s u e d .  
P r i v a c y  and S e c u r i t y  
Problems o f  p r i v a c y  and s e c u r i t y  may become more s e v e r e  a s  
t h e  s c o p e  f o r  w i d e l y  s c a t t e r e d  and  w i d e l y  a c c e s s i b l e  d a t a  f i l e s  
i n c r e a s e s .  I t  w i l l  b e  n e c e s s a r y  t o  make s u r e  t h a t  i n f o r m a t i o n  
o n  i n d i v i d u a l s ,  p o s s i b l y  e r r o n e o u s  o r  s l a n d e r o u s ,  c a n n o t  b e  
used  a g a i n s t  them. Nays and  means o f  a c h i e v i n g  t h i s  w i l l  have  
t o  b e  d e c i d e d  by d i f f e r e n t  s o c i e t i e s  i n  t h e i r  own ways,  b u t  
p o t e n t i a l  f o r  a b u s e  c e r t a i n l y  e x i s t s .  
M o b i l i t y  and  T r a n s p o r t  
The q u e s t i o n  o f  w h e t h e r  t h e  i n c r e a s e d  u s e  o f  compute r s  and 
o f  communicat ion l i n k s  w i l l  d e c r e a s e  demand f o r  t r a v e l  t o  work 
and  i n  c o n j u n c t i o n  w i t h  work h a s  been  d i s c u s s e d .  I n  p a r t i c u l a r ,  
i t  h a s  been  s u g g e s t e d  t h a t  t h e  o f f i c e  w i l l  become somewhat 
o b s o l e t e  and  w i l l  b e  r e p l a c e d  by t h e  o f f i c e  i n  t h e  home. S e v e r a l  
c o n f l i c t i n g  f o r c e s  may b e  d i s c e r n e d .  On t h e  one  hand t h e  t e c h -  
no logy  t o  l i n k  w i d e l y  s e p a r a t e d  w o r k e r s  by e f f e c t i v e  communica- 
t i o n  l i n k s  d o e s  e x i s t ,  b u t  on  t h e  o t h e r  hand t h e  need f o r  p e r s o n a l  
c o n t a c t s  i s  a s t r o n g  f o r c e  b r i n g i n g  p e o p l e  t o g e t h e r .  A s  t h e  c o s t  
o f  l a r g e  o f f i c e  b l o c k s  and  t h e  c o n s e q u e n t  t r a n s p o r t  becomes 
g r e a t e r ,  s o  t h e  p o s s i b i l i t i e s  o f  d e c e n t r a l i z e d  o f f i c e s  w i l l  
become more a t t r a c t i v e .  I t  i s  d o u b t f u l ,  however ,  whe the r  t h i s  
w i l l  go  a s  f a r  as  t h e  o f f i c e  i n  t h e  home on a  l a r g e  s c a l e .  One 
e f f e c t  t h e  p o s s i b i l i t y  may have  i s  a n  i n c r e a s e  i n  t h e  number o f  
women s e e k i n g  employment,  e s p e c i a l l y  women w i t h  young c h i l d r e n .  
I t  w i l l  b e  n e c e s s a r y  t o  d e v i s e  methods  o f  s u p e r v i s i o n  and  remuner- 
a t i o n  o f  s u c h  home-workers. 
S e r v i c e  and  S e r v i c e  I n d u s t r i e s  
An i m p o r t a n t  e f f e c t  o f  s m a l l  compute r s  w i l l  o c c u r  i n  s e r v i c e s .  
With w o r d - p r o c e s s o r s  and v a r i o u s  e f f i c i e n t  i n f o r n a t i o n  s y s t e m s ,  
services can become more efficient and thereby increased consump- 
tion of such services will be facilitated. The advantages of 
consumption of services, rather than increased consumption of 
goods, can be considerable; mostly in terms of conservation of 
energy and other natural resources. It is possible that efficient 
services will create insatiable demands and thus alleviate prob- 
lems of technological unemployment in the manufacture of goods. 
One of the new services will be the provision of information in 
the home, others will be educational, recreational, administra- 
tive, financial, etc. 
Some services traditionally provided externally will become 
internal by the use of new capital equipment. An example is the 
use of in-house printing instead of external printing. Similar 
examples may occur in the home, with home entertainment and 
information equipment partially replacing some external services. 
The chances are that the total use of services will thereby 
increase rather than decrease. 
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Background 
I t  i s  a  m a t t e r  o f  g e n e r a l  knowledge t h a t  t h e  r e v o l u t i o n  i n  
t h e  t echno logy  of  semiconductor  d e v i c e s  h a s  caused  a  s p e c t a c u l a r  
development  i n  t h e  computer  f i e l d .  I t  h a s  produced new p a t t e r n s  
i n  l a r g e  s c a l e  computer sys tems and a  d r a m a t i c  change i n  smal l -  
s c a l e  computer sys tems .  The r a t e  of  t e c h n i c a l  development  i s  
s t i l l  i n c r e d i b l y  r a p i d ,  and it i s  d i f f i c u l t  t o  see a l l  t h e  
p o s s i b l e  f i e l d s  of  a p p l i c a t i o n  so  f a r .  Many a s s e s s m e n t  s t u d i e s  
have been c a r r i e d  o u t  i n  r e c e n t  y e a r s .  Some t r e n d s  a r e  a l r e a d y  
c l e a r  however, and t h e s e  show t h a t  t h e r e  a r e  g r e a t  p o t e n t i a l  
impac t s  on  s o c i e t y .  Again,  many s t u d i e s  have been c a r r i e d  o u t  
on  t h e  impact  of  computers  and au tomat ion ,  some o f  which i n c l u d e  
mini /micro  computers  and some a r e  devo ted  t o  them. R e l a t i v e l y  
l i t t l e  a t t e n t i o n  h a s  been p a i d  t o  t h e  d i r e c t  i n t e r f a c e  between 
t h i s  new computer  t echno logy  and what p e o p l e  a c t u a l l y  d o ,  even 
less t o  t h e  p o s s i b l e  o r g a n i z a t i o n a l  consequences .  These a r e  
i m p o r t a n t  i s s u e s  t o  o u r  s o c i e t y ,  d i r e c t l y  r e l a t i n g  t o  t h e  impact  
o f  t echno logy .  T h e i r  s t u d y  i n v o l v e s  a n . i n t e r d i s c i p l i n a r y  ap- 
p roach  t o  complex sys tems .  They a r e  t h e r e f o r e  p a r t i c u l a r l y  
a p p r o p r i a t e  t o  t h e  Management and Technology Area a t  IIASA. 
B e n e f i t s  and f o r  Whom 
I n  t h e  f i r s t  p l a c e ,  t h i s  would be  background r e s e a r c h ,  
c h a r t i n g  t h e  f i e l d  and i d e n t i f y i n g  i s s u e s .  The pr imary  i n t e r e s t  
g r o u p s  would b e  t h o s e  governmenta l  b o d i e s  d e s i g n i n g  p u b l i c  p o l i -  
c i e s  i n  t h e  f i e l d ,  i n d u s t r i e s  engaged i n  hardware  development ,  
s o f t w a r e  p r o d u c e r s ,  management t e a c h e r s  and o r g a n i z a t i o n a l  
d e s i g n e r s .  C l e a r l y  t h e  n a t i o n a l  p o l i c i e s  of r e s e a r c h  and pro-  
curement  s u p p o r t ,  t o g e t h e r  w i t h  manufac tu r ing  and l a b o r  p o l i c y  
c o u l d  b e n e f i t  f rom t h e  e x p l o r a t o r y  s t u d y .  I n  t h e  l o n g e r  t e r m ,  
i f  t h e  s t u d y  l e a d s  t o  a  w i d e r  i n v e s t i g a t i o n  r e l a t i n g  t o  manage- 
ment  i n f o r m a t i o n  s y s t e m s ,  t h e  p o t e n t i a l  c l i e n t  r a n g e  i s  g r e a t l y  
broadened .  
O b j e c t i v e s  
The p r i m a r y  o b j e c t i v e  must  b e  t o  i d e n t i f y  t h e  o p t i o n s  f o r  
and  consequences  t o  management--these a r e  t h e  f i r s t  o r d e r  e f f e c t s  
i n  o r g a n i z a t i o n s .  Bu t  t h e  second o r d e r  e f f e c t s  may i n  p r a c t i c e  
t u r n  o u t  t o  b e  o f  g r e a t e r  i m p o r t a n c e  i n  t h e  l o n g  t e r m .  Conse- 
q u e n t l y ,  t h e  s t u d y  c a n n o t  i g n o r e  t h e  c o n s e q u e n c e s  on unemployment,  
e d u c a t i o n ,  p r i v a c y ,  m o b i l i t y ,  e t c . ,  and n e e d s  t o  draw on s p e c i a l -  
i z e d  r e s e a r c h  b e i n g  u n d e r t a k e n  e l s e w h e r e  i n  t h i s  f i e l d .  I t  mus t  
c e r t a i n l y  b u i l d  o n  t h e  work o f  t e c h n o l o g y  a s s e s s m e n t  t o  e n s u r e  
t h a t  it res ts  on  a  sound f o u n d a t i o n ,  so f a r  a s  t e c h n o l o g i c a l  
deve lopmen t s  a r e  c o n c e r n e d .  T h i s  emphas izes  t h e  need  f o r  IIASA 
r e s e a r c h  t o  b e  u n d e r t a k e n  on  a  c o l l a b o r a t i v e  b a s i s .  
Program o f  Work 
A t  t h e  workshop,  a  number o f  r e s e a r c h  p r o p o s a l s  w e r e  i d e n t i -  
f i e d  a s  i s  i n d i c a t e d  i n  T a b l e  1. A f t e r  d i s c u s s i o n ,  it h a s  been  
d e c i d e d  t o  c o n c e n t r a t e  o n  two main t o p i c s :  
1. The m a n a g e r / i n f o r m a t i o n  t e c h n o l o g y  i n t e r f a c e ;  
2 .  S o f t w a r e  deve lopmen t .  
The f i r s t  t o p i c  w i l l  s t a r t  w i t h  t h e  p r e p a r a t i o n  o f  a s c i e n -  
t i f i c  p a p e r  on  framework a n a l y t i c a l  too ls .  The work w i l l  t h e n  
p r o c e e d  by c a s e  s t u d y  and ,  o f  c o u r s e ,  l i t e r a t u r e  s e a r c h .  I n  t h e  
f i r s t  p l a c e ,  t h e  c a s e  s t u d y  methodology w i l l  b e  d e v e l o p e d  i n  t w o  
d i f f e r e n t  c o u n t r i e s ,  so a s  t o  e s t a b l i s h  a  means whereby c o n s i s t -  
e n t  i n f o r m a t i o n  c a n  b e  p r o v i d e d  f rom many s o u r c e s  f o r  c o m p a r a t i v e  
p u r p o s e s .  ( T r a d i t i o n a l  q u e s t i o n n a i r e s  a r e  l i k e l y  t o  b e  i n -  
a d e q u a t e . )  A f t e r  d i s c u s s i o n ,  a  w i d e r  r a n g e  of  case s t u d i e s  
would.  The s y n t h e s i s  s h o u l d  b e  c o m p l e t e  i n  a b o u t  1 8  months .  
The second  t o p i c  would b e  conce rned  w i t h  s o f t w a r e  d e v e l o p -  
m e n t s .  The r e s t r i c t i o n s  t h a t  s o f t w a r e  w i l l  p l a c e  o n  t h e  e x t e n s i v e  
u s e  o f  s m a l l  s c a l e  computer  s y s t e m s ,  a r e  a s  y e t  i n a d e q u a t e l y  
u n d e r s t o o d .  The one  s u r e  t h i n g  i s  t h a t  t h e y  w i l l  b e  d i f f e r e n t  
f rom t h e  r e s t r i c t i o n s  imposed by t r a d i t i o n a l  s y s t e m s .  
A t e n t a t i v e  s c h e d u l e  o f  t h e  p r o p o s e d  a c t i v i t i e s  i s  i n d i c a t e d  
i n  T a b l e  2 .  
Pro]  ec t  R e s o u r c e s  
IIASA must  t a k e  a c e n t r a l  p l a c e  i n  p r o j e c t  p l a n n i n g  and 
a n a l y s i s ,  b u t  t h e  work a s  a  whole c a n  o n l y  b e  done  on  a c o l l a b o -  
r a t i v e  b a s i s .  T h i s  c o l l a b o r a t i o n  w i l l  t a k e  a  number o f  fo rms .  
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T a b l e  1 .  Summary of Proposed IIASA Tasks  
Group 
I * 
Man-computer i n t e r f a c e / s c i e n t i f i c  paper  1 x x 
! 
Impact on i n f o r m a t i o n  s y s t e m s ,  1 
d e c i s i o n  s u p p o r t  sys tems  i x  x 
Impact o f  s t a n d a r d s  on t h e  develop-  i 
ment i n  g e n e r a l  1 x 
! 
A p p l i c a t i o n s  t o  IIASA programs 
and t a s k s  
R e p o r t s  I x f 1 f 
I 
Proceed ings  1 x 
Handbook 
S t a t e - o f - t h e - a r t  r e p o r t  x 1 2  
F i e l d  su rvey  
Workshop on i n t e r f a c e  
L 
Workshop on packaged s o f t w a r e  x j 1 
I ! 
L i t e r a t u r e  s t u d y  x :: i 1 
i 
C r i t e r i a  f o r  a p p r o p r i a t e n e s s  of  SSCS x 1 2 
! 
G u i d e l i n e s  f o r  o r g a n i z a t i o n a l  d e s i g n  x 1 2  
I 
G u i d e l i n e s  f o r  t r a i n i n g  x x 1 2  
i 
I d e n t i f i c a t i o n  and c o o r d i n a t i o n  o f  
ongoing r e s e a r c h  
IIASA Conference  t o  l a u n c h  p r o j e c t  i 1 
IIASA Conference  i n  t h e  m i d d l e  of  
IIASA r e s e a r c h  
IIASA Conference  t o  conc lude  
IIASA r e s e a r c h  
* L a s t  column 
1 = covered  f u l l y  by proposed a c t i v i t i e s  
2 = covered  i n  p a r t  by proposed a c t i v i t i e s  
empty = n o t  covered  
Table 2. Tentative Schedule of Activities 
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I I I I  
I  U I  
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I I I I  
Activities 
1.  Specialist workshop to explore the field - 
2. Manager/information technology interface 
2 .1  Scientific paper on framework,analytical tools 
(working group) 
2.2  Presentation of paper, Workshop to discuss and 
evaluate (at IFIP Conference in Vienna) 
2 . 3  Case studies in NMO's (e.g. Philadelphia, Bratislava) 
2 .4  Literature survey 
2.5  Summarize case studies and literature, establish 
methodology for 2 .6  workshop/working group 
2 .6  Field studies in NMO's 
2.7 Synthesis 
3. Software developments 
3.1 Literature survey 
3 .2  Technology assessment and report 
3.3 Workshop (possibly sponsored by Wharton School) 
3 .4  Synthesis 
4.  Limitations 
5. Report 
6.  Conference 
1 9 7 9  
F. l g  1: I ?  12. 
1 1'3 I $  I r t  I 3  
rt r- rt 
g e I; I$  ~g 
I I I I  
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I  I I  I 
I I I I  
-I I I  
I I I I  
I  I I  I  
I  1 7  1 
I l l 1  
I I I I  
I l l 1  
- 1  
I l l 1  
I I I I  
I  I  I T  
I I I I  
I I I I  
I I I I  
I I I I  
In the first place, the overall framework and the analytical 
tools to be used will be devolved in collaboration with a broad 
group of scientists. The technological and societal limitations 
will need to be explored with the specialists concerned, possibly 
in task force me2tings. Ths case studies will need to be done 
with support from IIASA'S National Member Organizations and 
specialist groups. 
Project Duration 
It is estimated that the project should take from 1 1/2 to 
2 years. 
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